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Leaurements have been made of the derivative z for 
rigid sweptback wings mounted at zero incidence and oscill6
v_ 
 ted 
with simple harmonic motion. The Reynolds number was in the 
range 1.2 x 105 to 4.1 x 105. 
The wings were of trapezoidal planform„ chosen to in-
dicate the effects of sweepback, aspect ratio and taper ratio. 
In each case the variation of z with frequency parameter was 
determined, and the effect of 	 amplitude of oscillation 
checked, and found to ha fairly small. 
It was found that the effects of the plan:form para-
meters on the derivative wore, in general, similar to those on 
lift curve slope. The curves obtained, however, suggested 
higher values of (-zv) than given by theory for zero frequency 
parameter, in all cases. 
This Report was submitted in 1952 as a part 
requirement for the award of the DIplama of the College 
of Aeronautics. 
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1. Notation  
A 	 Aspect ratio 
a 	 lift curve slope 
'lean aerodynamic chord 
CD 	 Drag coefficient 
CL 	 Lift  coefficient 
f, 	 Natural frequency of oscillation 
f
R 	
Resonant frequency of oscillation 
1 	 Amplitude of forcing displacement 
S 	 '.ling area 
V 	 andspeed (ft./sec.) 
z 	 Amplitude of oscillation of wing 
- 
zR 	
at resonance 
Damping derivative (= 8Z/aw) 
zw 	 zipSV 
a 	 Angle of incidence 
Angle of sweepback 
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N o t a t i o n  ( C o n t d . )  
T a p e r  r a t i o  
A i r  d e n s i t y  
V i s c o u s  d a m p i n g  c o e f f i c i e n t  
S p r i n g  s t i f f n e s s e s  
2 7 T p t c / V  
F r e q u e n c y  p a r a m e t e r .  
• n• • • • • • • • n  
2 .  I n t r o d u c t i o n   
A  k n o w l e d g e  o f  t h e  a e r o d y n a m i c  d e r i v a t i v e  z
w  
 f o r  a  
w i n g  i n  u n s t e a d y  m o t i o n  i s  r e q u i r e d  i n  m a k i n g  f l u t t e r  c a l c u l a -
t i o n s .  I n  t h e  a b s e n c e  o f  r e a d i l y  a p p l i c a b l e  i n f o r m a t i o n  i t  
h a s  b o o n  c o m m o n  p r a c t i c e  t o  e v a l u a t e  z
w  
 f r o m  t h e  e x p r e s s i o n  
a °  
a   a  
L  
-  1  	 C
D i  2  
c o r r e s p o n d i n g  t o  s t e a d y  f l o w .  D i m e n s i o n a l  
2   
a n a l y s i s ,  h o w e v e r ,  i n d i c a t e s  t h a t  i t  m a y  d e p e n d  o n  f r e q u e n c y  
p a r a m e t e r  w  a n d  a m p l i t u d e  p a r a m e t e r  z / c ,  a s  w e l l  a s  R e y n o l d s  
n u m b e r  a n d  i i a c h  n u m b e r ,  i n  u n s t e a d y  f l o w .  
T h e  o b j e c t  o f  t h e  p r e s e n t  s e r i e s  o f  t e s t s  w a s  t o  
d e t e r m i n e  t h e  e f f e c t s  o f  t h e  f r e q u e n c y  a n d  a m p l i t u d e  p a r a m e t e r s  
o n  z  f o r  a  s e r i e s  o f  t r a p e z o i d a l  s w e p t b a c k  w i n g s  o s c i l l a t i n g  
s i m p l e  
h a r m o n i c  m o t i o n .  T h e  p l a n f o m s  w e r e  c h o s e n  t o  
d e m o n s t r a t e  d e p e n d e n c e  o n  s v e e p b a c k  a n g l e ,  a s p e c t  r a t i o  a n d  t a p e r  
r a t i o .  A l l  t h e  w i n g s  t e s t e d  w e r e  o f  s y m m e t r i c a l  s e c t i o n  
( N A G A  0 0 1 8  a n d  N A G A  0 0 2 0 ) ,  h a v i n g  r a t h e r  a  l a r g e  t h i c k n e s s / c h o r d  
r a t i o  b y  p r e s e n t  s t a n d a r d s  f o r  s w e p t b a c k  w i n g s .  
T h e  R e y n o l d s  n u m b e r  o f  t h e  t e s t s  w a s  s o m e w h a t  l o w  f o r  
r e l i a b l e  e x t r a p o l a t i o n s  o f  t h e  r e s u l t s  t o  f u l l  s c a l e  t o  b e  m a d e .  
A  f u r t h e r  p o i n t  
i s  t h a t  r e s u l t s  a r e  o b t a i n e d  a t  l o w  i l a c k  n u m b e r ,  
w h e r e a s  t h e  m a i n  i n t e r e s t  i n  f l u t t e r  i s  
a t  s p e e d s  w h e r e  c o m p r e s s -
i b i l i t y  e f f e c t s  a r e  i m p o r t a n t .  I t  m a y  b e  p o s s i b l e ,  h o w e v e r ,  
u s i n g  G l a u e r t l s  c o r r e c t i o n ,  o r  s a m e  o t h e r  m e a n s ,  t o  m o d i f y  i n c o m -
p r e s s i b l e  d a t a ,  a s  w a s  d o n e  i n  R e f .  1 .  
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3. Previous Work using the same Test Rig  
It is useful, at this stage, to summarise the main 
points arising from earlier work using the same rig, insofar 
as they have a bearing on the present tests. 
The first systematic programme was carried out in 1950, 
and is described in Ref. 2. The equation of motion for the rig, 
with wing attached, was obtained in the latter paper, based an 
the assumptions that:- 
only viscous damping was present, 
2 the inertia of the springs was negligible, 
(3) the motion was simple harmonic and of constant 
amplitude, and 
(4) the transient effects (free motion) had decayedl  
an expression for z,„. was developed from the solution for steady 
state forced motion, 	 terms of measurable physical quantities. 
It was found that the effect of the amplitude parameter z/c on 
the value of zr  was negligible for z/c„.  0.15, and hence 
efforts were tul"ned to measuring the effect of frequency para-
meter w. 
In order to compare the results obtained with those 
derived theoretically by W.P. Jones, rectangular wings of 
varying aspect ratio were used. Tests were also made on two 
450  sweptback wings of different aspect ratio. ;.'hen the 
amplitude ratio at resonance, Ept/7 was plotted against the 
reciprocal of the wind speed, the points were found to lie 
closely on a straight line, for a particular pair of springs. 
Consequently points taken off the straight lines were used to 
calculate z. When the latter was plotted against frequency w  
parameter, w, good agreement was found between measurements 
taken using different sets of springs. Scatter was greatest 
in the case of the sweptback wings. 
Curves were extrapolated to w = 0 and w = 0.5, and 
it was assumed that the effect of wind tunnel constraint was as 
developed for steady flow at w = 0, falling to zero at w = 0.5. 
From the results corrected in this way it appeared that zu  
increased with increasing aspect ratio, and decreased with 
sweepback. The form of the curves was very similar to that 
suggested by theory, though actual magnitudes differed somewhat. 
The latter was accounted for by the finite thickness of the wings 
tested experimentally. 
In the second test programme (1951) attention was 
turned exclusively to sweptback wings. The aim was to deter-
mine the effects of sweepback, aspect and taper ratios on zr, 
and the approach wp,s basically the same as before. Ileasure 
ments appear to have been taken at uniform intervals of V, 
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r a t h e r  t h a n  1 / V ,  
a n d  o n l y  t h r e e  s e t s  o f  s p r i n g s  w e r e  u s e d  f o r  
e a c h  a e r o f o i l .  V a l u e s  o f  V  
w e r e  p i c k e d  o f f  t h e  b e s t  s t r a i g h t  
l i n e s ,  a n d  t h e  z
1 7  
 -  w  g r a p h s  d e r i v e d  a s  i n  R e f .  2 .  
T h e  r e s u l t i n g  c u r v e s  ( R e f .  3 )  w e r e  m u c h  l e s s  u n i f o r m  
i n  c h a r a c t e r  t h a n  t h o s e  p r e v i o u s l y  
o b t a i n e d ,  a n d  c o n s i d e r a b l e  
s c a t t e r  w a s  a o p e r e n t  i n  t h e  r e s u l t s  f r o m  d i f f e r e n t  w r i n g s .  A s  
a  c o n s e q u e n c e  i t  w a s  n o t  
p o s s i b l e  t o  a p p l y  t u n n e l  c o r r e c t i o n s ,  
a n d  o n l y  t h e  b r o a d e s t  t r e n d s  w e r e  a p p a r e n t  f r o m  t h e  r e s u l t s .  
S i n c e  t h e  a s p e c t  r a t i o  o f  t h e  t a p e r e d  w i n g s  
w a s  
n o t  c o n s t a n t ,  
i t  w a s  r a t h e r  d i f f i c u l t  t o  s e p a r a t e  t h e s e  t w o  e f f e c t s .  
4 .  P r e l i m i n a r y  T e s t s   
I n  v i e w  o f  t h e  r a t h e r  i n c o n c l u s i v e  n a t u r e  o f  t h e  t e s t s  
o n  s w e p t b a c k  w i n g s  d e s c r i b e d  i n  R e f .  3 ,  i t  w a s  d e c i d e d  t o  r e p e a t  
t h e  p r o g r a m m e .  S i n c e  i t  w a s  t h o u g h t  p o s s i b l e  t h a t  p a r t i a l  s p r i n g  
c l o s u r e  h a d  t a k e n  
p l a c e  d a r i n g  t h e  p r e v i o u s  t e s t s ,  a  n e w  p a i r  o f  
s p r i n g s  w a s  m a d e ,  d i f f e r i n g  f r o m  t h e  o r i g i n a l  o n e s  i n  b e i n g  o p e n -  
w o u n d .  I n  o r d e r  t o  g i v e  a  p o s i t i v e  c o n n e c t i o n  ; . - i t h  t h e s e  s p r i n g s ,  
' e y e ' - t y p e  a t t a c h m e n t s  w e r e  f i t t e d  i n  p l a c e  o f  t h e  h o o k  t y p e .  
P r i o r  t o  t h e  c o m m e n c e m e n t  o f  t e s t s  t h e  c a l i b r a t i o n s ,  
i n c l u d i n g  t h a t  o f  w i n d s p e e d  i n  t h e  w o r k i n g  s e c t i o n ,  w e r e  c h e c k e d ,  
u s i n g  t h e  m e t h o d s  d e s c r i b e d  
i n  
R e f .  2 .  
A s  
a  p r e l i m i n a r y  t o  t h e  m a i n  p r o g r a m m e ,  s o m e  t e s t s  w e r e  
m a d e  o n  t h e  u n s w e p t  w i n g  o f  a s p e c t  r a t i o  
3  
t o  c h e c k  e a r l i e r  m e a s u r e -
m e n t s .  S i n c e  t h e  c o n d i t i o n  o f  t h e  w e a k e r  s p r i n g s  p r e v i o u s l y  
u s e d  h a d  d e t e r i o r a t e d ,  o n l y  t h e  s t i f f e s t  p a i r  ( E  s p r i n g s )  w e r e  
u s e d ,  t o g e t h e r  w i t h  t h e  n e w  o p e n - w o u n d  F  s p r i n g s .  T h e  t e c h n i q u e  
u s e d  w a s  v e r y  s i m i l a r  t o  t h a t  d e s c r i b e d  i n  R e f .  2 ,  c a r e  b e i n g  
t a k e n  t o  a v o i d  s p r i n g  c l o s u r e  b y  s u i t a b l e  p r e t e n s i o n i n g .  I n  
v i e w  o f  t h e  p r e v i o u s  f i n d i n g s  t h a t  t h e  
a m p l i t u d e  p a r a m e t e r  h a d  
n o  e f f e c t  o n  r e s u l t s  o v e r  t h e  n o r m a l  o p e r a t i n g  r a n g e ,  a  s u i t a b l e  
e x c i t i n g  a m p l i t u d e  
w a s  s e t ,  a n d  r e t a i n e d  w h i l e  t a k i n g  m e a s u r e m e n t s  
t h r o u g h o u t  t h e  s p e e d  r a n g e .  T h i s  r e d u c e d  t h e  t i m e  n e e d e d  t o  
m a k e  a  c o m p l e t e  r u n  s i n c e  i t  o b v i a t e d  t h e  n e e d  t o  s t o p  a f t e r  
e a c h  r e a d i n g  t o  r e s e t  t h e  e c c e n t r i c .  
R e s u l t s  w e r e  p l o t t e d  i n i t i a l l y  i n  t h e  f o r m  
a g a i n s t  1 / V ,  a n d  f o u n d  t o  l i e  c l o s e l y  o n  a  s t r a i g h t  l i n e .  O n  
m a k i n g  f u r t h e r  r u n s  w i t h  d i f f e r e n t  e x c i t i n g  
a m p l i t u d e s ,  d i f f e r e n t  
l i n e s  w e r e  o b t a i n e d ,  r o u g h l y  p a r a l l e l  t o  t h e  f i r s t  b u t  c o r r e s -
p o n d i n g  t o  d e c r e a s i n g  E / 7  w i t h  i n c r e a s i n g  
T  a t  a  p a r t i c u l a r  
s p e e d .  T h i s  e f f e c t  w a s  a p p a r e n t  w i t h  b o t h  p a i r s  o f  s p r i n g s .  
C o n s e q u e n t l y  r u n s  w e r e  m a d e  v a r y i n g  t h e  e x c i t i n g  
a m p l i t u d e  s o  
a s  t o  k e e p  t h e  r e s o n a n t  a m p l i t u d e  o f  t h e  w i n g  a p p r o x i m a t e l y  
c o n s t a n t .  
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The derivative z was obtained from the faired_ 
straight lines in the usualway for all these runs. For the 
runs made with constant exciting amplitude there was a general 
tendency for zw 
 to decrease with decreasing frequency parameter, 
The results corresponding to constant resonant amplitude, however, 
showed the opposite effect, and agreed with those of Ref. 2 in 
this respect. The actual values of (-zw) were higher than 
those previously measured. In the case of the E springs the 
values of ze were higher than in Ref. 2, but this was more 
than offset y increased spring stiffness. 
Just before the completion of the above tests a failure 
of one of the E springs occurred. A new pair of springs was 
made as a replacement and designated G springs. These G springs 
were of similar form to the F springs but less stiff (thinner wire). 
Later tests on the same wing, using F and G springs and 
the constant resonant amplitude technique, gave values of (-z_p 
in good agreement between themselves but higher than found in - 
Ref. 2 (see Fig. 18). 
5. -.Jain Test Programme  
Data on the wings tested is given in Table I and the 
planforms shown in Pig, 1. As previously explained, the main 
Object of the tests was to determine the effects of svreepback 
angle, aspect ratio and taper ratio on qw  for sweptback wings. 
It was anticipated that the effect of taper ratio would be 
relatively small, and therefore it was considered desirable to 
vary it while keeping the other parameters constant. The 
existing models did not enable this to be done, and so two new 
ones were mnao, having a quarter-chord sweepbnck of 30°  and an 
aspect ratio of 4.63 (as for one of the existing untapered wings) 
and taper ratios of 1:2 and 2:3 respectively. 
The open coiled F and G springs were used throughout, 
and, following the experience gained in the preliminary tests 
on the rectangular wing, it was decided to use the constant 
resonant amplitude technique. lleasurements were taken with each 
pair of springs at resonant amplitudes of approxinately 0.3in. 
and 0.4 n., i.e. a total of four complete runs per wing. The 
string pretension (based on extension) was maintained constant. 
Readings were taken at winaspeeds giving roughly 
constant increments of 0. The method_ used followed closely 
that described under 'Final Procedure' in Ref. 2, except that 
there were normally tuo operators. 
The difficulties encountered were 'similar to those 
described in Ref. 2. Close control of the exciting motor 
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s p e e d  w a s  n o t  p o s s i b l e ,  e v e n  w i t h  t h e  a i d  o f  t h e  t f i n c - c o n t r o l '  
r h e o s t a t .  F l u c t u a t i o n s  o f  e x c i t i n g  s p e e d  w e r e  p a r t i c u l a r l y  
m a r k e d  w h e n  o t h e r  p l a n t  w a s  r u n n i n g  i n  t h e  l a b o r a t o r y .  A s  a  
r e s u l t  t h e  r i g  w a s  r u n  t h r o u g h  t h e  r e s o n a n c e  s p e e d  s e v e r a l  t i n e s  
a t  e a c h  w i n d s p e e d  a n d  t h e  m m a i m u m  v a l u e  o f  z  n o t e d .  E a r l y  
a t t e m p t s  t o  t a k e  m e a s u r e m e n t s  a t  5 0  f . p . s .  D r o v e d  u n s a t i s f a c t o r y  
d u e  t o  t h e  s h a r p n e s s  o f  t h e  r e s p o n s e  c u r v e ,  a n d  m u c h  c a r e  w a s  
r e q u i r e d  t o  o b t a i n  r e s o n a n c e  a t  6 0  f t . / s e c .  
A t  t h e  h i g h e r  w i n d s p e e d s  c o n s i d e r a b l e  f l u c t u a t i o n s  
w e r e  a p p a r e n t  i n  t h e  r e a d i n g s  o f  w i n d s p e e d  a s  m e a s u r e d  o n  t h e  
P r a n d b l  m a n o m e t e r .  T h e  t e c h n i q u e  u s e d  w a s  t o  s e t  t h e  e y e p i e c e  
a t  t h e  p o s i t i o n  c o r r e s p o n d i n g  t o  t h e  n o m i n a l  w i n d s p e e d ,  a n d  t o  
k e e p  t h e  m e a n  h e i g h t  o f  t h e  f l u i d  c o l u m n  a s  c l o s e  t o  i t  a s  
p o s s i b l e ,  u s i n g  t h e  f i n e  s p e e d  c o n t r o l .  I t  w a s  n o t  c o n s i d e r e d  
a d v i s a b l e  t o  u s e  t h e  m a n o m e t e r  d a m p i n g  s y s t e m ,  s i n c e  t h e  l a t t e r  
p r e v e n t e d  c h a n g e s  i n  t h e  m e a n  v a l u e  b e c o m i n g  r a p i d l y  a p p a r e n t .  
A n o t h e r  f e a t u r e ,  a l s o  n o t e d  p r e v i o u s l y ,  w a s  t h e  r a n d o m  v a r i a t i o n  
i n  t h e  c e n t r e  o f  o s c i l l a t i o n  o f  t h e  r i g  a t  h i g h  s p e e d  ( a b o u t  
2 0 0  f . p . s . ) .  S i n c e  r e s o n a n c e  i s  n o t  c r i t i c a l l y  d e p e n d e n t  o n  
e x c i t i n g  s p e e d  a t  t h e  h i g h e r  w i n d s p e e d s ,  h o w e v e r ,  i t  w a s  s t i l l  
p o s s i b l e  t o  m e a s u r e  t h e  r e s o n a n t  a m p l i t u d e  f a i r l y  c o n s i s t e n t l y .  
R e s u l t s  w e r e  p l o t t e d  i n  t h e  f o r m  ( E , / i )  
a g a i n s t  1 / V  
f o r  a l l  f o u r  r u n s  w i t h  a  p a r t i c u l a r  : r i n g .  
T h e n  
i t  a p p e a r e d  
d e s i r a b l e ,  p o i n t s  1
- ,-
e r e  c h e c k e d  a t  t h e  e n d  o f  e a c h  r u n .  A s  a n  
a d d i t i o n a l  c h e c k ,  a t  t h e  e n d  o f  t h e  p r o g r a m m e ,  o n e  o f  t h e  w i n g s  
w a s  r e t e s t e d  t o  i n d i c a t e  a n y  e f f e c t s  a r i s i n g  i n  f i t t i n g  t h e  w i n g  
a n d  s p r i n g s .  T h e  p r e v i o u s  m e a s u r e m e n t s  w e r e  r e p e a t e d  c l o s e l y .  
6 .  R e s u l t s   
T h e  e x p r e s s i o n s  u s e d  t o  d e r i v e  z  e n r i  w  a r e  t h o s e  
g i v e n  i n  R e f .  2 ,  
	 t i r   
c r
2
7  
Z  =  
p V s  
2 ' ) f  z
R   
0 . 1  	
V  
B o t h  p a i r s  o f  s p r i n g s  w e r e  c a l i b r a t e d  b e f o r e  c o m m e n c i n g  
t h e  m a i n  t e s t  p r o g r a m m e ,  a n d  a g a i n  a f t e r  i t s  c o m p l e t i o n .  T h e y  
a r c  q u o t e d  i n  l b . / f t .  
2 7 .  f R   c  
F G 
cr2 
Before Tests 
After tests 
258 
	 236 
2461 240 
131 
130 
130 
136 
A linear variation in 
.'2 during the tests was assumed in calculating results. Following previous practice the natural 
frequency, was taken equal to the resonant frequency, f3, it 
having been shown in Ref. 2 that the difference between them was 
negligible. 
- 
The curves of aril against 1/V are given in Figs. 
2-9. The previous practice was to draw the best straight lines 
through the experimental points. From the results of the present 
tests, however, considerable deviations from a linear relation are 
apparent, and in the circumstances it has been thought best to use 
measured values of 	 in the above expression for qu, rather 
that those taken from .smooth curves. Values of the rig damping 
coefficient, 12, were taken from the measurements quoted in 
Appendix I. 
For clarity the results obtained with the different wings 
are plotted separately in Figs. 10-17. Since the effect of 
amplitude is, in general, frilrly small a mean curve is drawn for 
each pair of springs. 
•Annel Corrections  
It may be seen from Figs. 10-17 that, in addition to 
amplitude effects, there is considerable variation between results 
obtained using the two pairs of springs. In order to use the 
method of correcting for tunnel constraint given in Ref. 2, 
extrapolation to w = 0 and w = 0.5 is necessary, and this can 
not be done accurately in the present case. In these circum-
stances no corrections have been applied to the results. 
Final results  
Fill21 curves, based on the mean values for the two 
sets of springs, are plotted in Figs. 19-24 in such a way as to 
separate aspect ratio and sweepback effects, and show the effect 
of taper. 
If it is assumed that w = 0 corresponds to steady 
flow, the theoretical value of zri. can be found at that point 
w 
from z 	 - 60L  /ao — Values of aCL 	 were obtained from ; 	 2 
Ref. 4, and the Weissinger correction for sweepback 
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a r e  s h o w n  i n  F i g s .  1 9 - 2 4 .  
T h e  c o r r e s p o n d i n g  
7 ,  D i s c u s s i o n  
  
    
T h e  r e s u l t s  o b t a i n e d  f o r  t h e  u n s w e p t  w i n g ,  a n d  s h o w n  
i n  F i g .  1 8 ,  i n d i c a t e  g o o d  a g r e e m e n t  b e t w e e n  t h e  t w o  s e t s  o f  
s p r i n g s  u s e d .  I n  a d d i t i o n ,  e x t r a p o l a t i o n  t o  w  =  0  g i v e s  a  
v a l u e  o f  ( - z  u
)  o n l y  s l i g h t l y  g r e a t e r  t h a n  t h e  t h e o r e t i c a l  
v a l u e  c o r r e s p o n d i n g  t o  t h i s  a s p e c t  r a t i o  a n d  t r a i l i n g - e d g e  a n g l e .  
O n  t h e  o t h e r  h a n d ,  t h e  m o s t  s t r i k i n g  f e a t u r e  o f  t h e  r e s u l t s  f o r  
s w e p t b a c k  w i n g s  ( F i g s .  1 0 - 1 7 )  i s  t h e  r a t h e r  l a r g e  d i s c r e p a n c y  
b e t w e e n  t h e  r e s u l t s  o b t a i n e d  w i t h  t h e  t w o  s e t s  o f  s p r i n g s .  
I n  g e n e r a l  t h e  v a l u e  o f  ( - z  )  i n c r e a s e s  a s  t h e  
a m p l i t u d e  o f  o s c i l l a t i o n  i n c r e a s e s ,  b u Y  t h i s  e f f e c t  i s  s e c o n d a r y  
t o  t h a t  c a u s e d  b y  d i f f e r e n t  s p r i n g s .  A s  m e n t i o n e d  p r e v i o u s l y ,  
e x p e r i m e n t a l  p o i n t s  h a v e  b e e n  p l o t t e d  d i r e c t , ( i . e .  n o t  u s i n g  
f a i r e d  c u r v e s  o f  z
2/ 7  a g a i n s t  1 / V )  a n d  i n  v i e w  o f  p o s s i b l e  
e r r o r s  i n  m e a s u r i n g  p h y s i c a l  q u a n t i t i e s  ( s e e  A p p e n d i x  I I )  a  
c e r t a i n  a m o u n t  o f  s c a t t e r  i s  t o  b e  e x p e c t e d .  N e v e r t h e l e s s  
f a i r l y  c l o s e l y  d e f i n e d  c u r v e s  a r e  o b t a i n e d  f o r  e a c h  s p r i n g  i n  
m o s t  c a s e s .  
T h e  F  s p r i n g s  a l w a y s  g i v e  h i g h e r  v a l u e s  o f  ( - z
w ) ,  b u t  
t h e  m a g n i t u d e  o f  t h e  d i s c r e p a n c y  v a r i e s  f r o m  
w i n g  t o  w i n g :  
S i n c e  t h e  w i n d s p e e d ,  a t  a  g i v e n  v a l u e  o f  t h e  f r e q u e n c y  p a r a m e t e r ,  
d o e s  n o t  d i f f e r  g r e a t l y  f o r  t h e  t w o  s e t s  o f  s p r i n g s ,  i t  s e a m s  
u n l i k e l y  t h a t  t h e  e f f e c t  i s  a s s o c i a t e d  w i t h  u n s t e a d y  f l m :  i n  t h e  
t u n n e l .  T h e  g o o d  a g r e e m e n t  i n  t h e  c a s e  o f  t h e  r e c t a n g u l a r  w i n g ,  
h o w e v e r ,  w o u l d  s e e m  t o  i n d i c a t e  t h a t  n o  i m p o r t a n t  f a c t o r s  h a v e  
b e e n  o m i t t e d  f r o m  t h e  a n a l y s i s .  I n  t h e  c i r c u m s t a n c e s  i t  i s  
d i f f i c u l t  t o  o f f e r  a n y  a d e q u a t e  e x p l a n a t i o n  o f  t h e  e f f e c t ,  t h o u g h  
o n e  m e t h o d  o f  c h e c k i n g  t h e  r e s u l t s  w o u l d  b e  t o  r e p e a t  s o m e  t e s t s  
w i t h  a  t h i r d  s e t  o f  s p r i n g s .  
T h e  p u r p o s e  o f  t h e  m e a n  c u r v e s ,  p l o t t e d  i n  F i g s .  1 9 - 2 4 ,  
i s  t o  i n d i c a t e  t h e  b r o a d  e f f e c t s  o f  t h e  p l a n f o r m  p a r a m e t e r s  o n  
a n d  t o  g i v e  a  c o m p a r i s o n  w i t h  t h e  t h e o r e t i c a l  v a l u e s  f o r  
s t e a d y  f l a w .  T h o s e  s h o v i n g  a s p e c t  r a t i o  e f f e c t  ( F i g s .  1 9 - 2 1 )  
i n d i c a t e  a n  i n c r e a s e  i n  ( - z
w )  w i t h  i n c r e a s i n g  A  f o r  u w e e p b a c k s  
o f  3 0 °   a n d  4 5 ° .  A t  6 0 °  s w e e p b a c k ,  h o w e v e r ,  t h i s  t r e n d  i s  
r e v e r s e d .  S w e e p b a c k  e f f e c t  a t  r o u g h l y  c o n s t a n t  a s p e c t  r a t i o  i s  
s h o w n  i n  F i g s .  2 2  a n d  2 3 .  I n  b o t h  c a s e s  ( - z  )  i s  f o u n d  t o  
d e c r e a s e  w i t h  i n c r e a s i n g  s w e e p b a c k ,  t h e  e f f e c  b e i n g  m o s t  m a r k e d  
a t  t h e  h i g h e r  a s p e c t  r a t i o  i n  t h e  c a s e  o f  6 0 °   s w c e p b a c k .  I n  a l l  
c a s e s  t h e  c u r v e s  s u g g e s t  h i g h e r  v a l u e s  t h a n  t h e  t h e o r e t i c a l  a t  
w  =  O .  
-10- 
The effect of taper on a 300  swept -wing was found to 
be small (Fig. 24), though again values are considerably higher 
than theory. 
The general effects described are in fairly good 
agreement with the findings of Ref. 3, but the magnitudes of 
(-z ) are greater throughout. 
8. Conclusions  
(i) In general the results obtained for (-4v) show a 
similar dependence on sweepback, aspect ratio and taper ratio as 
do lift curve slopes. Hevever„ the curves suggest consistently 
higher values than the theoretical as the frequency parameter 
tends to zero. 
(ii) The effect of varying the amplitude 
neglibiblo for a particular pair of springs. 
relation to the discrepancies arising between 
(iii) The form of the mean curves of (-zw.) 
parameter varies somewhat from wing to wing. 
to the neglect of tunnel interference effects, 
parameter is not 
It is small in 
different springs. 
against frequency 
This is attributed 
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T h e  m e a s u r e m e n t  o f  t h e  v i s c o u s  d a m p i n g  c o e f f i c i e n t  at  
T h e  m e t h o d  o f  m e a s u r i n g  t h e  v i s c o u s  d a m p i n g  c o e f f i c i e n t ,  
u ,  b y  t h e  f r e e  o s c i l l a t i o n  m e t h o d  w a s  d e s c r i b e d  i n  R e f .  2 .  I t  
w a s  p o i n t e d  o u t  t h a t  p r a c t i c a l  d i f f i c u l t i e s  a r o s e  i n  u s i n g  t h e  
f o r c e d  o s c i l l a t i o n  t e c h n i q u e  f o r  t h i s  p u r p o s e ,  b u t  n e v e r t h e l e s s  
a  f u r t h e r  a t t e m p t  w a s  m a d e  t o  d o  s o .  W i t h  t h e  s m a l l e s t  o b t a i n -
a b l e  e x c i t i n g  a m p l i t u d e  (  a b o u t  0 . 1 m o . ) ,  h o w e v e r ,  i t  w a s  n o t  
f o u n d  p o s s i b l e  t o  o b t a i n  r e a d i n g s  o f  r e s o n a n t  a m p l i t u d e  w i t h i n  
t h e  l i m i t s  s e t  b y  t h e  s c a l e  a n d  s p r i n g  c l o s u r e .  
E a r l i e r  m c a s u r a m e n t s  o f  u  w e r e  m a d e  w i n d - o f f .  I t  
w a s  n o t e d  i n  R e f .  3  t h a t  s p r i n g  p r e t e n s i o n  a n d  a m p l i t u d e  r a n g e  
h a d  a  m a r k e d  e f f e c t .  _ a t h o u g h  p .  h a d  p r e v i o u s l y  b e e n  f o u n d  
t o  b e  5 n a l l  r e l a t i v e  t o  q w ,  i t  w a s  d e c i d e d  t o  m a k e  a  r a t h e r  
f u l l e r  i n v e s t i g a t i o n  o f  t h e  s u b j e c t .  T h i s  w a s  d o n e ,  u s i n g  
t h e  E  s p r i n g s ,  a t  t h e  t i m e  w h e n  t h e  t e s t s  o n  t h e  u n s u e p t  w i n g  
w o r e  i n  p r o g r e s s .  
T h e  m o v i n g  p a r t s  o f  
t h e  r i g  w e r e  w e i g h e d  a n d  t h e  e q u i v a -
l e n t  m a s s  c a l c u l a t e d .  T h e  t i n e  f o r  a  f r e e  o s c i l l a t i o n  t o  d e c a y  
t o  h a l f  a m p l i t u d e  w a s  t a k e n  o v e r  t h e  t h r e e  a m p l i t u d e  r a n g e s  0 . 4 i n .  
t o  0 . 2 i n . ,  0 . 3 i n .  t o  0 . 1 5 i n . ,  a n d  0 . 2 i n .  t o  0 . 1 i n . ,  w i n d  o f f  a n d  
t h r o u g h  t h e  s p e e d  r a n g e  u p  t o  2 0 0  f . p . s .  I n  e a c h  c a s e  t h e  m e a n  
o f  a b o u t  5  r e a d i n g s  w a s  t a k e n .  A s  
a n  a M i t i o n a l  c h e c k  t h e  t e s t s  
w e r e  r e p e a t e d  w i t h  t h r e e  d i f f e r e n t  p a i r s  o f  w e i g h t s  a t t a c h e d  t o  
t h e  
r i g .  
-12- 
p was found to be greatest at the higher amplitude 
range, and showed erratic, though relatively small, variation 
with windspeed. The weights used had very little effect. 
A more limited series of tests was made with the F 
springs, and later with the G springs, using the medium weights. 
ath the G springs particularly, the tine for the oscillation 
to decay at high windspeeds was rather irregulars  depending 
quite critically on the actual uindspeed. 
':Then the results obtained for the unawept wing were 
found to give higher values of (-z_ ) than previous tests, some 
further consideration was given to he rig damping. In part-
icular non-viscous damping arising from spring hysteresis was 
thought likely to have some effect. It is shown in Ref. 5 that 
non-viscous damping can be dealt with for the resonance condition, 
provided it is not large enough to affect seriously the simple 
harmonic nature of the motion. The concept used is that known 
as equivalent viscous damping, and is based on considerations of 
energy dissipation. Since the natural frequency, at which the 
rig damping coefficient, p, is measured, is very close to the 
resonant frequency, the hysteresis &griping is already taken 
account of in p. 
Although the values obtained for p were relatively small, 
those corresponding to the particular amplitude and wind.spoed have 
been used in calculating Au. All measurements were made with 
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